Tandem mass spectral library search (MS/MS) is the fastest way to correctly annotate MS/MS spectra from screening small molecules in fields such as environmental analysis, drug screening, lipid analysis, and metabolomics. The confidence in MS/MS-based annotation of chemical structures is impacted by instrumental settings and requirements, data acquisition modes including data-dependent and data-independent methods, library scoring algorithms, as well as post-curation steps. We critically discuss parameters that influence search results, such as mass accuracy, precursor ion isolation width, intensity thresholds, centroiding algorithms, and acquisition speed. A range of publicly and commercially available MS/MS databases such as NIST, MassBank, MoNA, LipidBlast, Wiley MSforID, and METLIN are surveyed. In addition, software tools including NIST MS Search, MS-DIAL, Mass Frontier, SmileMS, Mass++, and XCMS 2 to perform fast MS/MS search are discussed. MS/MS scoring algorithms and challenges during compound annotation are reviewed. Advanced methods such as the in silico generation of tandem mass spectra using quantum chemistry and machine learning methods are covered.
operation with high mass resolving power ranging from 10 000 to 500 000 full width at half maximum (FWHM). Table 1 lists a selection of MS/MS capable instruments that can be utilized for generating MS/ MS datasets. A review from 2012 lists additional instruments and their specifications. 15 Many instrumental parameters influence the number of MS/MS spectra obtained as well as the quality of those tandem mass spectra. Such parameters include total acquisition speed, accumulation time per single MS/MS spectrum, precursor ion isolation width, intensity threshold, collision energy, and others.
The "instrumental design" heavily influences the product ion masses and ion abundances in MS/MS spectra. Tandem mass spectrometry can be classified into tandem in-time (ion traps, FTICR) and tandem in-space (quadrupoles, TOFs) setups. 16 Hybrid instrumentation can include various combinations of beam-or trap-type analyzers such as quadrupole/time-of-flight (QTOF), quadrupole/ orbital ion trap, or quadrupole/linear ion trap (QLIT). 17 The "ionization method" determines how sample material is transferred into the mass spectrometer. 18 The most common ionization mode for small molecule LC-MS/MS is electrospray ionization (ESI). 19, 20 Other modes such as atmospheric pressure chemical ionization (APCI), atmospheric pressure photo ionization (APPI), and matrix-assisted laser desorption/ionization (MALDI) 21 are covered to a lesser extend in tandem mass spectral databases. 9 For GC-MS based experiments, it is possible to utilize 70 eV electron ionization (EI) as well as chemical ionization (CI) with different collision gases, APCI, 22, 23 or APPI. 24 The "collision energy" plays an important role in MS/MS spectra generation. For collision-induced dissociation (CID), one can distinguish between low-energy collisions (0-100 eV range) observed in ion traps and high-energy collisions (keV range) utilized in sector instruments and TOF/ TOFs. 25, 26 Most of the CID MS/MS libraries covered in this review were created using low-energy CID conditions. Very few examples of highenergy CID libraries exist, despite the advantage of creating fragment-rich and reproducible spectra. 27, 28 For low energy CID, one can measure energy resolved breakdown curves for specific ions, by ramping or increasing the collision energy. 29, 30 Energy ramps will allow for finding the optimum fragmentation energies for analysis. 31 Low collision energies mostly preserve the precursor ion and only few product ions are observed.
Increasing the collision energy will increase product ion abundances toward low m/z ranges and at the same time will lower the precursor ion abundance. Some instruments allow for ramped collision energies, which are then merged into a single MS/MS spectrum. For library searching, distinct individual voltages (0, 10, 20, 30, 60 eV) are preferential because they allow for more fine-grained library matching.
There are multiple "ion activation modes" that can be utilized in tandem mass spectrometry. 26 The time scale of the different activation modes has an impact on the fragments and their abundances in measured tandem mass spectra. 32, 33 The most common ion activation and fragmentation modes for small biomolecule LC-MS/ MS based experiments are collision-induced dissociation (CID) 34, 35 and higher energy collisional dissociation (HCD), the latter on orbital ion trap mass spectrometers. 36 Both CID and HCD are commonly operated in low-energy collision modes (0-100 eV range) but can create fragmentation-rich MS/MS product ion spectra with sometimes overlapping fragments. 37 HCD was originally introduced for proteomics experiments. Small molecule coverage for HCD MS/MS spectra has dramatically increased over the past years' releases of the NIST14 and MassBank spectral libraries. Initial findings led to the conclusion that HCD MS/MS spectra can be searched in much larger CID spectral libraries. 38 Currently, no comprehensive statistical analysis of fragment ions between HCD and CID modes has been performed for small molecule libraries. Both CID and HCD can be utilized complementary to increase compound identification rates. 39, 40 Electron-based dissociation techniques such as electron-induced dissociation (EID) 41 have been successfully used in structure characterization of glycerophosphatidylcholines, specifically for determination of double-bond positions and localization of acyl chains. 42 Other techniques would require various chemical derivatizations when combined with CID/HCD to fulfill the same task. Additional modes such as electron capture/transfer dissociation (ECD/ETD) are not commonly used for small molecule analysis but rather in proteomics. 43 The influence of the "precursor ion isolation width" or precursor isolation window was discussed with a special focus on sensitivity and selectivity during MS/MS data acquisition. 44 In general, selecting narrow precursor ion isolation windows (high resolution precursor isolation) lowers the sensitivity of the precursor ion and thus the intensity of fragment ions. This may lead to a lower number of acquired Data were obtained from public sources and might vary slightly. Some instruments allow collecting data at different mass resolving power in MS 1 and MS/MS in order to increase the sensitivity or duty cycle.
MS/MS spectra. However, this approach is less prone to co-isolation of potential interferences along with the targeted precursor ion. Widening the isolation window leads to the fragmentation of a larger number of different compounds and results in impure product ion spectra with interfering ions. 45 Using data-dependent analysis (DDA), the current mass spectrometers permit relatively wide precursor ion isolation windows (0.7-9 Da), but the precursor ion isolation window is generally set between 1 and 3 Da, depending on instrumentation. On the other hand, using data-independent analysis (DIA), the precursor ion isolation window is much wider, depending on the settings for sequential window MS/MS acquisition. For example, the sequential window acquisition of all theoretical fragment-ion spectra, SWATH-MS/MS, (SCIEX) typically uses 20-50 Da windows. For other, all-fragment-ion approaches larger windows such as 600-2000 Da are used. 46 The duty cycle and the "acquisition speed" determine how many tandem mass spectra can be acquired per scan event. 47 Table 1 ).
However, increasing the acquisition speed may lower the ion statistics and impact the quality of MS/MS spectra 48 because fewer raw spectra are averaged. Additional parameters that influence MS/MS spectral quality and the total number of isolated precursor ions are charge state screening (maximum 2 for small molecules), dynamic exclusion parameters, and monoisotopic precursor selection.
For time-of-flight instruments, the "mass resolving power" is constant with increasing acquisition speed. 49 On the other hand, for Modern mass spectrometers and multimode ion sources allow for "voltage or polarity switching," allowing the acquisition of data in positive and negative ionization mode in one run. 51 This can increase sample throughput tremendously. Another option is to perform separate runs for profiling (with polarity switching) and identification (no polarity switching) to allow for enough time during the MS/MS acquisition. 52 However, many compounds show radically different ionization efficiency in different ionization modes, depending on mobile-phase buffer systems. 8, 53 Therefore, using two different runs and optimized buffer systems in negative and positive electrospray mode may be preferred.
The hyphenation of tandem mass spectrometers with "ion mobility" provides an additional orthogonal dimension for better separation of isobaric compounds, stereoisomers, and challenging matrices. 54 Many vendors provide plugin hardware solutions with short drift-tubes to improve peak separation; 1-2 m drift tubes within hybrid ion mobility QTOF instruments are also available. Using collision cross-section (CCS) information may help during compound deconvolution and compound identification, and better separation will likely yield cleaner product ion spectra. 55 
| Data-dependent acquisition methods
During "data-dependent acquisition" (auto-MS/MS), a specific intensity threshold is used to trigger the acquisition of precursor ions 48 (see Fig. 1A ). Lowering the intensity threshold leads to more product ion peaks. However, the purity of spectra decreases due to the contribution of noise signals and data quality is hampered by lowered ion statistics for product ions. 40 Tandem mass spectra of the same precursor and same ionization voltage can be merged to increase the signal-to-noise ratio and quality of a product ion scans. Furthermore, most instrument software also allow for a limit on reoccurring product ions during data acquisition (dynamic exclusion).
| Data-independent acquisition methods
"Data-independent MS/MS acquisition" 56 riken.jp/) allows for automatic mass spectral deconvolution and MS/ MS-based library search. 60 Since compound identifications in metabolomics are based on overall similarity between experimental and reference spectra, the DIA-MS/MS spectra must be purified (ie, deconvoluted) from co-eluting compounds and from noise ions to increase library-matching scores of true positive compounds. Importantly, MS-DIAL requires at least two scan differences in the peak apex of co-eluting compounds to be purified. Therefore, it is important for the deconvolution to acquire a sufficiently large number of MS/MS data points across chromatographic peaks. Other software tools such as OpenSWATH, 61 DIANA, 62 pSMART, 63 The spectra are information-rich collections but lack the precursor information. In order to perform MS/MS database search deconvolution software such as MS-DIAL has to be used to reconstruct the correct precursor ion planning should go into MS/MS library acquisition in order to increase identification quality of small molecules in a matrix of interest. The development of quantum chemistry based methods for in silico generation of CID-MS/MS mass spectra will be one of the next grand challenges in computational mass spectrometry. So far only electron ionization mass spectra can be modeled with good accuracy. [73] [74] [75] The jump to the creation of in silico ESI-MS/MS spectra will require a substantial innovative and intellectual input from the quantum chemical community, mostly due to the variability of lowenergy CID spectra and the required fragmentation voltage spreads.
| Creation of in silico MS/MS libraries
Larger molecular weight compounds also will have higher degrees of freedom for conformational movements which will render computational approaches very expensive and time-consuming.
For the generation of in silico based MS/MS databases, it is extremely important to validate the computational method for accuracy and precision and to determine sensitivity and specificity based on experimental reference compounds. Most importantly, the structural domain of the training compounds has to be observed.
LipidBlast would not be able to model fragmentations and rearrangements of small nucleotides. CFM-ID would not be able to accurately model large molecular weight lipids, because they were not adequately covered in the original training set of small metabolites. Once the algorithm is retrained by relevant input spectra, the structural scaffold has changed and spectra of a different structural domain can be created, as exemplified with the CFM-ID peptide set. 76 One of the latest trends is the use of computational compound databases that were created using the most common enzymatic transformation reactions. 77, 78 These virtual compound collections can | 517 be converted into in silico MS/MS databases and unknown experimental MS/MS spectra can then be searched against them. 79 However, with potentially millions of structurally very similar compounds, millions of very similar in silico tandem mass spectra will be created. Such an effect, called database poisoning, can only be overcome by novel search algorithms or orthogonal filtering strategies.
| Curation and cleaning of mass spectra
The "manual curation of mass spectra" was historically performed by groups that built mass spectral collections such as NIST and Wiley and with that corrected spectra, added structures and CAS numbers and created value-enhanced products. [80] [81] [82] Such curated and high-quality libraries are used by almost all mass spectrometry labs worldwide.
Curation efforts include manual inspection of mass spectra by experienced mass spectrometrists, noise removal and artifact removal, building of consensus spectra and peak annotations, 82 as well as inter-library comparisons. 83 One caveat is that such approach affords high acquisition costs that can reach more than $10 000 USD per library. Especially the creation of consensus spectra in NIST and MassBank has gained attention because many MS/MS spectra of the same compound have been added over the years. Automation of specific curation aspects is now required for building high-quality spectral collections. For example, consensus building may involve combining multiple MS/MS spectra from the same instrument at the same collision energy into to a single high-quality
spectrum. There are a number of R-language computational packages hosted on BioConductor (http://www.bioconductor.org/) that can be used to manipulate and process MS/MS spectra. That includes MSnID, 84 MSnbase, 85 msPurity, 86 RMassBank, 87 SwathXtend, 88 and RAMClustR. 89 The "automatic curation" of MS/MS spectra in order to create high-quality and high-accuracy data has been a focus especially for MassBank and recently the MoNA database (http://mona.fiehnlab.
ucdavis.edu). Such automated cleaning processes include formula and substructure annotations for precursor and product ions, noise removal, the calculation of spectral quality codes, and annotations with metadata including InChIKey, SMILES, compound names, as well as experimental settings. 87 The advantage of using recalibrated and cleaned spectra in MS/MS databases is that higher match scores can be obtained during database search. All modern MS/MS databases such as NIST, MassBank, mzCloud, or LipidBlast contain rich metadata annotations such as compound structure, instrument type, collision energy, type of fragmentation technique, adduct ion type, and product ion annotations. There have been approaches in the past to create reproducible tandem mass spectra across instruments from multiple manufacturers. 90 Furthermore, all databases subsequently undergo benchmark evaluations and quality checks. 81 
| MS/MS data formats and software tools
There are a number of data exchange formats that can be used for MS/ MS data transfer and import/export options. However, there is no standardized format for MS/MS data file storage. The three most frequently used formats in small molecule research and their associated file converter tools are described below.
The "Mascot Generic Format (*.MGF)" from Matrix Science (http:// www.matrixscience.com) is the oldest and most commonly used format for storing tandem mass spectra. Originally developed for the proteomics community it is widely available as export format on almost all vendor platforms. External converter tools such as ProteoWizard 91 The lower mass accuracies observed on the product ion level are related to unresolved interferences such as competitive fragmentation pathways or simultaneous fragmentation of isobaric precursor ions. 95 The obtained search score after a database search represents the likelihood of a search spectrum corresponding to a reference spectrum in a mass spectral reference database. Score-based equations typically include the m/z-intensity pairs of the search spectrum and library spectra as well as additional parameters such as weighing functions.
Classical and established mass spectral scoring algorithms include, for example, the probability match algorithm (PBM) 96 and the dotproduct 97 algorithm. The McLafferty PBM algorithm was introduced in 1974 and works especially well for very reproducible electron ionization (EI) spectra. The PBM scores range from 0% to 100% and a high value represents a high confidence that the spectrum was identified during database search. It is a linear combination of four probability measures: the uniqueness of m/z values of a specific peak, the peak abundance contributions, a window factor that integrates peak abundances, and a dilution factor for mixture spectra. The dotproduct algorithm uses the cosine of the angle between the unknown and library spectral vectors 97, 98 and is now commonly used during accurate mass MS/MS database search. The composite equations include the dot-product function and terms that use intensity scaling based on mass as well as non-scaled intensity ratios of neighboring peaks. 97 These library "match scores" range from 0 to 999. A low score indicates that compound is not found in the database, scores from 200
to 650 indicate few matching peaks, scores higher than 850 represent good matches and scores of 999 would present a perfect hit. However, these estimate rules are historically based on electron ionization spectra and may not hold true for the large diversity of CID or HCD based MS/MS spectra. 99 Other "similarity measures" such as the Jaccard, 70 Pearson, 89, 100 Jeffries-Matusita distance, 101 and random projection 102 The "reverse search" ignores non-matching peaks in the search spectrum and the score is not penalized for peaks that are not found in the library spectrum. It has been observed that the reverse search option is particularly helpful when MS/MS spectra with sparse peaks are searched, such as in silico spectra generated for certain lipid classes. 106 The 
Reports from several Critical Assessment of Small Molecule
Identification (CASMI) challenges provided a deeper insight into software, tools, and approaches used by multiple groups. 107, 108 By introducing a binning system, it might be possible to allow low resolution instruments obtain similar performances like searching spectra from high-resolution instrumentations. 109 Recently, a new spectral identifier for mass spectra the SPLASH was developed. 110 It allows for a one-way encoding of a mass spectrum into a fixed-length KIND ET AL.
| 519 identifier and can be considered an analog of the InChIKey. It employs a binning technique to allow for efficient pre-filtering during tandem mass spectral search and is currently implemented in the MassBank of North America (MoNA) database.
Until recently MS/MS decoy databases were not available for small molecule research. 5, 112 It is now possible to estimate FDR values for small molecule MS/MS spectra. 111 The authors compared naïve Bayes as well as three different target-decoy approaches. The proposed method is a spectrum-based approach, circumventing the use of decoy structures. Based on P-value and q-value calculations the authors concluded that for unfiltered spectral data the empirical Bayes approach resulted in good estimates. For noise-filtered data the treebased decoy strategy using a re-rooted fragmentation tree can be recommended for FDR estimations. precursor mass is used, no spectra with unit mass precursors will be found, even if the substance is contained in the database.
The "instrument types" of MS/MS spectra have to be taken into consideration. Large diverse spectral databases such as NIST and
MassBank contain ion trap, QqQ, QTOF, and other MS/MS spectra. If QTOF data are searched against an ion trap library, the hit scores will be different from an approach where QTOF spectra are searched in QTOF libraries. 104, 113, 114 It is always best practice to search similar instrument types against their reference spectra. 115 Second, the true "experimental mass accuracy" for each run or set of experiments has to be determined with internal or external reference compounds or quality check mixtures that contain known compounds.
This approach leads to the responsibility of each user to accurately tune "surprisingly large intensity differences for even the most prominent peaks of a fragment ion spectrum." 116 Our own preliminary investigations have shown that profile mode MS/MS spectra create slightly higher match scores due to the fact that multiple very tightly binned m/z values (often with few mDa distance) have a higher probability of matching a library reference spectrum than a single peak.
There are, however, practical advantages in the use of centroided spectra because of smaller file sizes and much faster library search speed.
The use of "multiple collision energies" (CID/HCD) for data acquisition is highly recommended (see Fig. 3 ) because it increases the In the unfortunate event that a library was only created using a single collision energy, the same (or close) collision energy must be used to create high score values. The use of collision energy spreads or ramps (as well as reversed ramps) is advisable to create information-rich product ion spectra. 117 Some ion trap instruments use normalized collision energies to compensate for mass dependencies during fragmentation. This allows for the creation of reproducible MS/MS spectra especially for library creation purposes. 118 The use of wideband excitation on select ion traps is useful for the application of resonance energy on ions that are below 20 Da of the precursor ion.
This allows for low energy fragmentation of molecules that undergo water loss but with the specificity of the precursor ion retained. 119 Additional parameters such as in-source voltage and RF voltage can also influence peak abundances of product ion spectra. 120 There are around 300 "adduct ions" and in-source fragments that are covered in the NIST14 MS/MS database. 121 Certain substance classes such as flavonoids and nucleotides have a higher probability of in-source fragmentations. 122, 123 Product ion artifacts from the reaction of arylium ions with nitrogen 124 and unexpected product ions from reactions with residual water can also influence spectral quality. 125 In principle, all adduct ions, in-source fragments, breakdown products, dimers, and multimers need to be considered for the creation and collection of libraries as well for the library search process itself. 126 From a practical point of view also "taxonomy restrictions" or restrictions on the compound space can be made during MS/MS search. Although taxonomy restrictions or molecular phylogenetics 127 have been a long-standing feature in peptide search engines, 128 
| Post-processing of MS/MS search results
After an MS/MS search, a list of all spectral matches is returned. This list can contain multiple scores, the names of the retrieved compounds and additional meta-data such as accurate mass differences or links to traditional compound databases. Subsequently, the list must be inspected for false positive or false negative compounds. 5 A recurring problem is "feature combination" of different adducts or different isomers at different retention times. [129] [130] [131] The identification of multiple adducts for the same compound can be used as an additional confirmation of the substance, as formed ions usually show different fragmentation patterns for different adduct types. For metabolic profiling experiments, such adducts originating from the same compound sometimes need to be unified to allow for subsequent biological interpretations. This can lead to problems, because based on mobile phase composition and modifiers used, they are also represented by different chromatographic peak heights. The simplest solution would be to sum different adduct peak heights originating from the same compound and to report a single value for the peak abundance. 132 Instruments that add an additional ion mobility separation dimension based on drift-time ion mobility spectrometry (DTIMS) or traveling-wave ion mobility spectrometry (TWIMS) may increase postprocessing requirements, because MS/MS spectra for stereoisomers might be differentiated from each other. For clustering of millions of tandem mass spectra several algorithms from the proteomics community are available. 133, 134 The use of retention times or retention indices as orthogonal filters is highly recommended for highconfidence compound identifications. 135 140 and a more recent review covers the structural overlap of some of the prominent MS/MS databases. 9 The has been covered in other publications [141] [142] [143] Table 2 ).
The following section gives an overview of existing public and commercial MS/MS databases.
The The "Wiley MSforID" or Wiley registry of tandem mass spectral data contains around 20 000 mass spectra from 1200 drugs, pharmaceuticals, pesticides, and other small compounds. 107, 148, 149 Spectra were acquired in positive and negative ionization mode with ten different collision energies in the range of 5-50 eV. The library is available in three vendor formats and contains independent MS/MS search software. 150 The "ChemicalSoft" libraries (http://www.chemicalsoft.de/) of drugs and toxic compounds were developed on QTRAP instruments 151, 152 by several researchers in the toxicological community.
The provided databases contain MS/MS spectra at multiple collision energies and retention times for over 1200 compounds. The library was also utilized for a comprehensive overview of the fragmentation behavior of the selected compounds in positive and negative ionization mode. 153, 154 The "Maurer/Wissenbach/Weber" "LCMSn Library of Drugs, Poisons, and Their Metabolites" includes more than 10 000 spectra from 6816 compounds. The database contains MS 2 and MS 3 wideband spectra from an LXQ linear ion trap in ESI mode. It covers 1500 parent compounds and additional phase I and phase II metabolites as well as related artifacts and impurities. 155, 156 The "Mass Spectra of Designer Drugs" library (http://www. Users can submit novel spectra for direct online access, to allow for broader sharing within the community. Furthermore, all curated and cleaned public spectra can be downloaded in MSP or JSON format to allow for independent in-house use.
The "mzCloud" online database (https://www.mzcloud.org/) focuses on searchable spectral trees (MS n ) data. The idea is that multi-stage spectra allow for additional information even if the unknown spectrum is not found in the database. 142, 143 Multiple MS 2 and MS n spectra with various collision energies are organized in spectral nodes that make investigating and searching spectra very intuitive and easy. Associated product ion structures for each peak were calculated using Mass Frontier and additional quantum chemical methods provide the most probable gas phase structure.
The "GNPS" library (http://gnps.ucsd.edu) is a platform focused on natural products. 158, 159 The Global Natural Product Social Agilent 6430 triple quadrupole mass spectrometer. The library can be used for plant metabolomics identifications. 163 The "GC-MAXIS/MetaMS" (http://metams.lumc.nl/) GC-APCI-QqToF online spectral library is the only publicly available collection of GC-QTOF based MS/MS spectra. The compounds were acquired on a Bruker maXis 4G QTOF mass spectrometer equipped with an atmospheric pressure chemical ionization (APCI) interface. 164 The "WeizMass" database is a collection of 3309 high-resolution MS E spectra measured on an UHPLC-QTOF system (HDMS Synapt, Waters). The database covers positive and negative ionization mode spectra from 3540 plant-based metabolites. 165 The Table 3 ).
The The "XCMS 2 " software is a publicly available software that can be used within the R statistics language. 167 It directly searches METLIN online data (acquired on an Agilent QTOF with multiple collision energies (0, 10, 20, and 40 eV). XCMS 2 also intelligently matches the experimental collision energy if multiple energies available. It uses the traditional precursor ion selection window and additionally a distance matrix score to obtain good spectral matches.
The Wiley "MSforID" search algorithm is available with the MSforID library and uses a relative average match probability (ramp) score. 105, 168 The software calculates the similarity of fragment ions from the unknown MS/MS spectrum versus the library spectra. From the matching fragments a reference spectrum-specific match probability (mp) is then calculated. The match probability values from multiple reference compounds are averaged and the compound specific ramp score is subsequently obtained. areas that make use of LC-MS/MS, GC-MS/MS, and tandem mass spectrometry data. [173] [174] [175] This includes metabolic profiling, 126 dereplication of complex natural extracts, 176, 177 fungal metabolites, 178,179 marine products, 166 plant based metabolic profiling 160, 162, 180, 181 and plant metabolomics, 180 lipid analysis, 182 toxicology analysis, [183] [184] [185] [186] environmental analysis, 187,188 food contaminants, 189 forensics, 190,191 drugs, 192,193 and pesticide screening, [194] [195] [196] as well as statistical MS/MS fragmentation analysis 197 and network maps for visualizations. 198 For those cases where no reference spectrum is found in any database, purely computational approaches have to be taken. These in silico tools are extensively covered elsewhere. 199 There is also a strong need for better and improved scoring algorithms. These algorithms must be validated by using purely statistical validations from large and highly diverse MS/MS databases.
There are currently no decoy databases for small molecule MS/MS available, which would be necessary for calculations of false positive estimates. False discovery rates can now be calculated with recently developed MS/MS decoy databases for small molecules. 111 MS/MS databases will grow in diversity and size and will include experimental spectra from reference compounds as well as in silico generated MS/ MS spectra. Especially in silico generated libraries will gain in importance and accuracy, but have to be carefully validated to avoid the distribution of inaccurately modeled spectra.
Online services that provide easy-to-use search interfaces will allow researchers to annotate large LC-MS/MS runs in a convenient way. The post-processing of search results and library hit tables will require approaches such as adduct removal, peak merging from multiple spectra, and connections to compound databases for easy investigation. Here, we see enormous development potential to improve such database services on an academic and commercial level.
MS/MS database search is a fast-lane for compound annotations and
fortunately there is a lot of positive momentum to widen the use and distribution for the benefits of the broader community. 
